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INTRODUCTION

> Emergency Department (ED) 1s the main entrance to healthcare
system, the Efficiency and Quality of Service (QoS) in ED have big
influence to the whole healthcare system.

> Patients arrive the ED without prior appointment, some of them with
unstable conditions and must be treated quickly!

> Some EDs are overcrowding and work with limited budget.

> ED 1s a complex system with many constraints!

Problems to solve




To make decisions to solve these problems, there are many
questions should be answered first to support the decision

(since EDs are stochastic environment and have time-dependent
behavior, the decisions are not straightforward), e.g.,

< If the number of patient arrival doubled, what will happen?
< If we put 20 more careboxes (beds), how the overcrowding could be?

“» The budget will decrease, how QoS will be affected? which staff can be

reduced? doctors? nurses? ... ?

How ¢ S]mu latiOn sct of a decision

without the commiitment of any physical
resources or interruption of the system?
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WHAT IS AN ED SIMULATOR?

= Emergency Department:
Complex Adaptive System.

ymultiple interactions between many different:

= Model: :components, low-level interactions amonga

Agent-Based Model; 1components emerge collective high-level results. :

Generalized and Adaptable.

:Emergent Property: an observation about a system that we might not anticipate from

1 the separate study of its individual components (Holland, 1998; Strogatz, 2003).
|

|
|
|
|
'As the components of a system interact with each other, and influence each other,
lthrough these interactions, the system as a whole exhibits emergent behav1orl

(Roetzhe1m) This characteristic makes the output of a system difficult to understand ,

rand predict.

= Execution:
Model was implemented in Netlogo;

HPC has been used to deal with the probabilistic agent model and study

more scenarios in acceptable time frame.
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THE EMERGENCY DEPARTMENT SIMULATOR
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HOW DOES IT WORK?

Agent-Based Modeling & Simulation
(Why?

“ It can provide a way to see the forest through the trees and, insight is often more
important than sheer numbers.

* Customizable/Flexible to study ED related problem, e.g., propagation of nosocomial
infection, in which the principal way of the transmission is the frequent interaction
between patients and healthcare staff.. (no system level knowledge needed, could focus in
individual level).

* To have transparency in prediction, not “black box” prediction. (to know the root cause of
systematic behavior, i.e., exploratory, descriptive and explanatory feature.).

Simple Behavior Rules

(IF/ THEN) + | State Variables | + | Interaction Model

& execute

(vivid) Agents Model




AGENT MODEL - MICRO BEHAVIOR RULES

Table 2: Behavior rules of patients.

IF THEN

notified by IS (before entering treatment area). go to the corresponding place in the notification.

no requests from IS (before entering treatment area). keep staying in waiting room.

no requests from IS or healthcare staff. keep staying in carebox (for patients in area A).

no interaction requested by nurse or doctor. keep staying in waiting room (for patients in area B).

notified by IS (in area B). go to diagnosis room or medical image test-room as in-
0" dicated 1n the notification.

has any problem. Q@‘te ask nurse through IS (the IS will notify the correspond-

ing nurse).

Table 3: Behavior rules of registration staff / triage nurse.

IF THEN

time to work. interact with colleague in previous shift, take over ma-
terials from them.

no patient in front of the desk/window. wait for patient (IDLE)

one patient with the same queue number as‘r‘:ﬁaﬁeckm interact with patient for registration/triage.

IS waiting in front of the desk. & ; 3
shifting of duty time 1s up. accomplish work at hand, interact with colleague in fol-



AGENT MODEL - MICRO BEHAVIOR RULES

Table 4: Behavior rules of doctors.

IF

THEN

time to work.

interact with doctor in previous shift, take over patients
from them.

no task assigned by IS (task queue is empty).

stay in their office (IDLE).

IS notified a new patients in cb;.

move to cb;, perform first-interaction, make treatment
plan.

IS notified: the test report for one of the patients in D;
is ready to review.

review medical test report, walk to the carebox if neces-
sary, and make follow-up treatment plan (do more test,
drug therapy, discharge or admit to hospital).

scheduled drug therapy time of any patient in Df) is up.

walk to the carebox, check effect of drug therapy, and
make follow-up treatment plan.

X0
(@
00

shifting of duty time is up.

accomplish work at hand, interact with doctors in fol-
lowing shift, hand over all the patients in DY .

Table 5: Behavior rules of nurses.

IF

THEN

time to work.

interact with nurse in previous shift, take over patients
from them (in area A).

no task assigned by IS (task queue is empty).

stay in the nurse room.

doctor assigned laboratory test to one of the patients in
set NV

walk to carebox Nl.Cb (in area A), taking sample from
patient.

drug therapy assigned to one of the patients in set Nf by

go to the pharmacy, take pill and then walk to the place
of patient for treatment.

Check every patient’s body condition in set Nlp :

doctor.
(o2

doctor discharged one patient in set Nf’ :

help patient leaving ED.

Periodic checking time is up.

shifting of duty time is up.

accomplish task at hand, interact with nurses in follow-
ing shift, hand over all the patients in set Nf :




AGENT MODEL - MICRO BEHAVIOR RULES

Table 7: Behavior rules of laboratory test-room.

IF THEN

no sample in the queue. waiting for sample (IDLE).

new sample(s) waiting in the queue, and there are free  detach sample(s) to free machine(s).
analyzing machine(s).

analyzing machine(s) completed the analysis

&00‘ catch results and send to the corresponding doctor
@9&' through IS.

daily machine maintenance time is up. ;Q - start maintaining when machine completes current task.

Table 6: Behavior rules of medical image test-room.

T e
IF Y THEN

v’
no patient waiting outside. “66& waiting for patient (IDLE).
patient with auxiliary staff waiting o%t&i@%eénd test- 1interact with patient and accompanied auxiliary staff.
room 1is ready. é’\
physical test finished. &‘C process test results, and send to the corresponding doc-

3 Ee tor through IS.



OW |T WO RKS (RULES + STATE VARIABLES => STATE)
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HOW |T WORKS (RULES + STATE VARIABLES)

: Table 8: Part of a patient’s interaction log.

n

g State | Source State Destination state Input

Sy Waiting for service (free care- | Waiting for service (Doctor’s | Notice from IS with a free care

: box). diagnosis). box.

1 S Waiting for service (doctor’s di- | Accepting Service(meet with | Doctor arrive at patient’s care-

0 agnosis) doctor) box.

: S 12 Accepting Service(meet with | Waiting for service (X-Ray test | Doctor order X-Ray test for pa-

: doctor) service) tient.

1 S Waiting for service (X-Ray test | Accepting Service(X-Ray test | X-Ray service available.

i service) service)

: S 114 Accepting Service(X-Ray test | Waiting for service (Doctor’s | X-Ray service finished.

; service) review of the test result)

N e T oty DT o i o i e e e A e S A e S R S = s
h =m Em E E E E E E E E BE B B =B =B B B =& B B B B BB B BB B B B B B B =B B B B B B B B B B B BB BB 3B B B =B B
i LR e o e AR O B AN RSB S ST S BR AN ST QN e e ot e e et gees o oo 7 prps ot
1 State index | Source State Destination state Input

i

: St Waiting for task. Meet with patient(take blood sample). | blood test task from IS

1 Sti1 Meet with patient. | Waiting for task. sample take finished

I Siqo Waiting for task. Meet with patient(for treatment) treatment task from IS.

: St Meet with patient. | Waiting for task. treatment task finished

: Stisg Waiting for task. Meet with patient(help discharging) Discharging task from IS.




HOW |T WORKS (TRANSFORM, INPUT -> QUTPUT)

Patients

o Sanitary staff

e Physical

Resources =
O
i)
o
o
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Sensor configuration GUI

B — — — GEIGeNGY Department Sirgulator: sensorCopfiguator L

) Selected Sensors and

| Availabe Sensors Process Methods Data Process Methods
Admission Staff Qccupancy Full Record AreaB Waiting Queue Length:Full:Max:Ave;SD:Alr,15.0

| Triage Nurse Occupancy Maximum Triage Waiting Queue Length:Full:Max:Ave:SD:AIr15.0
DocterA Occupancy o Length of Stay 3:Full:Min:Max:Ave:Med:SD:Alr65.0
MNurseB Occupancy Ll b Length of Stay 2:Full: Min-Max:Ave:Med:SD:Alr,65.0
Auxiliary Staff Occupancy Average DoctorB Occupancy:Full:Min:Max:Med:Alr,65.0
Laboratory Occupancy Median NurseA Qccupancy:Full:Min:Max:Med:Alr,65.0

| Image Room Occupancy
Admission Waiting Queue Length Standard Deviation
Carebox Waiting Queue Length Alarm 15] 2
Length of Stay 1
Length of Stay 4 . ; ; . ; .

| Langth of Stay 5 State information monitoring configuration

Add >
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AGENTS’ INTERACTION RECORDS

1 |who " what when(minute) where why " how long(second) |
86179 | (doctorb 76) and (patient 16279) first-visit 70446 doctorB’ s room default 1200
86180 | (doctorb 74) and (patient 16283) first-visit 70447 doctorB’ s room default 900
86181 | (nursea 80) and (patient 16158) go~home 70447.5 carebox default 150
86182 | (doctorb 75) and (patient 16277) first-visit 70448 doctorB’ s room default 210
86183 | (doctorb 78) and (patient 16222) treatment-finished 70449 doctorB’ s room default 1320
86184 | (doctora 69) and (patient 16211) test-result-review 70449. 5 carebox default 330
86185 | (doctorb 73) and (patient 16281) first-visit 70449. 5 doctorB’ s room default 1290
86186 | (admission 1) and (patient 16285) admission 70451. 5 admission desk default 300
86187 | (doctora 67) and (patient 16199) test-result-review 70451. 5 carebox default 120
86188 | (nursea 80) and (patient 16199) laboratory test 70453. 5 carebox default 1080
86189 | (nursea 84) and (patient 16211) go-hospital 70455 carebox default 1290
86190 | (doctora 69) and (patient 16262) test-result-review 70455. 5 carebox default 450
86191 | (doctorb 77) and (patient 16154) treatment-finished 70455.5 doctorB’ s room default 510
86192 | (doctora 66) and (patient 16033) test-result-review 70456. 5 carebox default 300
86193 | (doctorb 72) and (patient 16247) test-result-review 70457 doctorB’ s room default 360
86194 | (admission 2) and (patient 16288) admission 70460 admission desk default 240
86195 | (doctora 71) and (patient 16236) treatment—finished 70462 carebox default 390
86196 | (doctorb 74) and (patient 16180) test-result-review 70462. 5 doctorB’ s room default 360
86197 | (doctora 70) and (patient 16284) first-visit 70464. 5 carebox default 480
86198 | (doctorb 72) and (patient 16285) first-visit 70465. 5 doctorB’ s room default 300
86199 70465. 5 room

e al o

and (patient 16228)

NS Y

treatment-finished

s -

doctorB’ s

default

180

Length of Stay, Occupancy, Length of Waiting, Efficiency, ...



Design of your experiments



ED Simulator

IE: Il I = = = =

e, T T Resource Capacity (#) Avg. Attention Time (AT, minutes) yAT Distributic |
. . P y g s | 1
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Application Framework for Knowledge Discovery

Simulator User, to discover macro-level system features 8)
Macro Level Simulator(Application) _ .
Data Process Layer(Adaptation) ) ‘0/(\?"3‘\\
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Demo No. 1

The emergency department system is overcrowding,
WHAT-IF

we add 20 beds to the system?



The influence of additional carebox on patients” behavior
(Area A).
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Demo No. 2

Explore the effects of doctors” behavior on the system-level behavior.
and
Explain why (identify the root cause).



The effect of length of doctors’ (area B) attention time on
macro-level LoS, and the root cause identification.
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Conclusion

/7

+ This article presents an approach to discover knowledge of emergency department
through simulating individual behavior of its components.

+ It provides a way to see the forest through the trees and, insight is often more important

than sheer numbers.

+ The model is customizable from individual level, the atomic data about agent
interaction and environment state record are provided by customizable “sensor”.

Future work

* Develop an automatic calibration/tuning tool along with the model for users to
calibrate and validate the model parameters for their EDs without the involvement of
model developer.



Connections

=> Poster (Agent Based Poster Madness M1, 5:15pm-5:45pm, Monday, Salon A)

ABMS Simulator of Propagation of Nosocomial Infection in Emergency Department
(Note: Principal way of MRSA transmission is the frequent interaction between patients and healthcare staff.)

=> Poster (New Simulation Applications Poster Madness M4, 5:15pm-5:45pm, Monday, Catalina)

Evaluation of Performance and Response Capacity in Emergency Departments
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